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1.  INTILOIIUCTION

~’lic infrared region of the spectrum is a very i]ltcrcstil]g allcl important one  for the study of cx-
tragala.ctic backgrouncls,  both galaxiall and ]Jrc-galactic. This review concentrates 011 backgrounds
from protogalaxics  and galaxies. IMailcd discussio]]s  of many possihlc pm-galact ic  backgrounds
llavc rcccnt]y been ])rcsc]ltcd by IJond, Car] and llc~ga]]  (1986, 1991) ;  scc Carr (1992) fcm a recent
review of these and Wright et al. (1 993) for a summary of how well so]nc  of thmn have fared in
li.glit of t}ic Inost recent COIII; obscrvatiollal  results. 1 will co]lccntratc on tlLc a])})roxilnate  w’avc-
lmgt]l range 10 to 500//m since both the ]Icar-illfrarcd a]ld tllc submilli]nctcr rang,c arc discussed
by others.

‘J’i[c  i]lfrarc!d sl)cctral rep;io])  is a. good p lace  to  look for cletectal)lc backgrou]lds fro)n t]Ic intc-
gratcxl  light of galaxies and protogalaxies  fcjr several rcasolls. l’irst, you  Iig galaxies and  ])rcJtogalax-
ics ]nay  liavc bcelI rclativc]y muc.]i m o r e  lulninous a t  fa]-infrared wavelc]lgtlis, coln])ared  to tlic
op t i ca l -US ,  tlta]l galaxies at tlic ])resentj  c~)ocll. hlctallicity can il~crea.sc r ap id ly  duri[lg tlic early
evo]ution of galactic systems , and i f  dus t  forlllatio]l fo]lows su i t  t]lc  d u s t  o])tical  dcpt]l and L1]C
far-i]  lfrared lu]ninosity  can rise dramatically at tlLe cxpcnsc of tllc ol~scurcd  ol)tical-lJV lu]]linosity
(WaNg  1991a,l~; l,onsdalc  1992; h4azzci, l)c Xotti and Xu 1993).

l’igure 1 illustrates a Scco]ld reasc)]l for the im])ortancc  of tllc infrared rc~io]l to l)ackground
studic.s  of  galaxies  and ])rotogalaxicw:  tllc ])ro]nincllt- ‘(wi]ldows”  Ijctwcc]k the various foregrounds
a])d tllc cos]nic  ]nicrc)wavc  background  radia.tio]l  (Ch411).  ‘1’llis f i gu re  i s  silnilar t o  s e v e r a l  wl)icll
h a v e  lmcn slIowlI a l r e a d y  a t  t h i s  mcctillg, dc])icting tllc i]ltcllsity v],, in W/cm2/sr.  ‘J’lle ]nain
foref;rounds i]] the infrared spectra]  rcgio]]  showTN in l’igure 1 arc tlie zodiacal  l ight  wliicll  l)caks
]Ica.r l/L]n a]ld falls into tllc far-infrared, tile i]]tc.rl)lanctary dust (11’1)) c]nission  l)eaki]lg  ]ica.r 10/[.ln,
and the  intcrstcl]ar d u s t  (1S1)) ])caliillg  I)cyo]ld  100//m. ‘J’llcre arc tlvo  ]Ilaill infrared “ w i n d o w s ” :

OIIC ]Icar 3/1111  and tile second at al~c)ut 300/Ire .”
1! is ]Iot siIIl])ly tllc cxistcnc.c  of tllesc w i n d o w s  tliat marks tllcir iln])ortanc~,  l)ut  also tllc fortw

]Iatc chance that they llap])cll  to c.oincidc  very  ]Iicely  with tllc t w o  })rolnincnt  I)caks  ill tile sl)cctral
cncJgy distributions c}f ]]]()(lcrat(’-tc)-lligll  rcdshift galaxies: tllc stellar spcc.tral  Cllcrgy distril)utio]l
of ]Iearl)y  galaxies ])calis  near IIlln, thus ]noves  into t]]c 3/1111  wil]dow  with increasi]lg rcxlsllift,  while
tllc dust  rc-emission peak of  ISh4-ric.Jl  galaxies ])caks  ]Icar 60 to 100//]n,  ]noving  i]ttc) i,llc 300/~In
w i n d o w  with i]lcrcasi]lg rcdsllift. ‘1’llus tllcre is a rich llu]iting grOUIId fo] L]lc illtcgratcd stellar light
of galaxies in tl]c  near-infra.rcd wi]ldow , and allot her  O]lc fo] tllc dust clnissiou  of  galaxies  in tllc
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fi~r-infrared window. Convcrmly  it will be ciifl; cu]t to ever ]nca.sure tlLc integrated light of galaxies
o r  protcgala.xics  iII the 5 to 30pm  region  unless slmcccraft can h sent t o  t he  more  distant reacllcs
of tl~c solar system where tllc interplanetary dust c]nission is much rcduccd.

A n o t h e r  rca.son why the infrarccl spectral region is ONC of the most valual~lc  for studyi]ig LIIC
I)ackground light due to galaxies is that there is a strong positive far-infrared 1{-corrcc.tion  with
mlshift.  U]ilikc  tllc situation in the UV tllrougll  near-infrared spectral region, tlic c]lmgy  distri-
butions of galaxies at A > 80/Lm fall with increasing wavelength with a very steep dcpcnclcncc  orI
A, therefore at longer wavclcngt]ls than this the 1{-correction can  almost c.ountcr  tllc c.os]no]ogical
effects of lu]nillosity distance and surface brightness dim]ning so that tl]c  apparent flux dc]lsity at
a fixed observing frequc]lcy IIas little dependence ol~ distance. ‘J’lIc same eflcc.t holds to a lnow
limited extent in tllc 3-- ‘20/~m rcgio]l.
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l“igurc 1. ‘J’lIc i]~frarcd fore .grou] lds  and COIIII;  li]]lits. ‘J’lic solid curve is tllc c.os]nic I]licrowav(
llackground  (CM}]) radiat ion, and tile otllcr tllrcr cuJves aJc v a r i o u s  fo]c,grou]lcls,  as dc]ivcd l)}
IIcicll]uan and IIclou  (1991; C. IIeichlllan, ])rivatc cc)]l]]lill]licatio]l):  tlie dotted curve is tllc Icflcctc(l
solar zodiacal cmissior[,  the clot-dash curve tllc [Iler]llal c~nission fro]n inter] )la]lctal..y dust, a]~d tli{’
d a s h e d  curve tllc thcr]l;al emission from i]ltcrstcllar dust, scaled to a Lrigllt]less of lL, (l OO/~lll) : 1
MJ y/sr, which is rcprcscntativc  of the typical sky blip, htjlcss i]t rcgio]ls  of tllc u’eakmt cirrus el]]issio]]
at IIigl[ galactic. latitude. ‘J’IIc  lower snort l)cavy solid line illustrates tile Inaxi]nu]n  deviation f] o]l~
tllc Ch41J  m e a s u r e d  by 11’IRA!3  (h4atller ri al. 1993),  3 . 4 x  10- 8 erg c m -  2  s -  ) sr- ] c]li, lvhicll
is 0.03(7f  of the })cak of tllc CM]] s])cctrull~, wllilc  t,llc U])l)e]  li]lc rc]jrcsclits all cstinlatc of this
]Ilaxi]nuln deviation adol)ting;  a Inorc  conservative galactic. forcglou[ld subtraction]] (see  tcx[). ‘J’llt’
solid squares depict the 1)11{ 111(} limits at tile IIO]L1)  cclil)tic ])oIc,  as discussed I)y M. IIausrr llot(’

that these do not include ally subtractio]l  cjf tllc ~alactic or zodiacal fo]cgrounds.

l’ina]ly,  it is possible that intervening galaxies ]l~ay ])rc)ducc suflicicllt ol]scuratio]i to cli]]lillatc
{I])tically-sc’lcct(’cl  Lackgrc)ulld  q u a s a r s  fro]n  flux.lilnited  sa]n])les  (ostrikrr slid IIeislrr 1984; Wrigl}t
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1 9 9 0 ;  l’all and  l’ci 1993), especially if there has been strong cvolutioll of the dust optical clcpth
(Wang 1991 a,l,; Mazzei  ct al. )993). It is therefore also possible that such an eflec.t will obscure
l)ackgroulid young  galaxies and protogalaxim. At fiir-infrared wave]mgths,  liot ONIY  will the ob-
sc.uratioll Lw low cIIougl  I to be insigniflcw]t,  but the dust which is responsible for cxtinguisllin~ the
o]]tical-UV liglit will rc-mnit this light in tllc far-infrared and  slll}]llillilllctcl.

h4ikc ]]auscr  has  give]] u s  all cxce]lc]lt  sumll]ary  of t h e  obscrvatiollal rcmlts oli the illfrarcd
b a c k g r o u n d s .  l’or the pur})oscs  of Iny d i s cus s ion of tllc theoretical backgrounds expected from

galaxies a]id ])rotogalaxics, 1 sulnmarisc  011 l’igure 1 the most recent observational limits fro]l]
1)11{.1]1;  a]]cl  lP1lLAS on COl]lI;.  As Mike  has dcsc.rilml, the 1)11{111; clata do not  yet  include any
forcg,rou]]d  slibtractio]], ]~cll{lillg tllevcry (liflic(llt  task oflllo(lclli]ig tliegalactic clllissioll  i] Lclctail.
‘J’hc spectacular 11’IILAS  mults of Mather C( al. ( 1993)  do include a galactic foreground subtraction,
a]]d h a v e  a  ]naximul~l  d e v i a t i o n  fro]n tlic Ch4 11 black hc)dy s])cc.trum  ill tile 2  -  20  cm- 1 region  c)f
0.03%  o f  the peak  of the CM]] s])cctrum. IIc)wevcr, as Wright C( al, (1993) have noted, this
forwgrouncl  subtractio]l is not al)]) ropriatc for modclling the cosmological backgrounds due tothc
integrated light of galaxim bccausc tile hac.kg;round  itself is cx]mctccl  to have a s]wctral shape silnilar
to that of tlic galaxy, thus the “galactic foreground>’ that has lmw subtracted could include some
COS]  nolcgical l~ackgrou  nd. Wrig]]t ct al. used  a CSC[L[ method of  galact ic  foreground subtractio]l
to avoid this problcm, and from their intc’grated galaxy light mode.] fits I estimate a maximum
dev ia t i on  o f  about  twice that infcrrml  by h4atllcr C( al.. ‘1’llis is illustrated by the upper of tllc two
heal’~’ solid lines  in l’igum 1.

2. IN’J’JIX; ILA”J’EII  lNFI{AR1{;I) Hh41SS10N 0 1 ( ’  C~A1,AXII(X

II(AS  IIas SIIOWII  us that tllc f:ir-infrared ct)lissioll  of galaxies ill tllc local u~liversc  col]stitutcs a
la]gc fraction, w 30(,,,  o f  tllc total cncr~,y out]jut  of  ]Ior]nal  ~;alaxics, aIId that fo]- some starljurst
and active galaxies tllc far-i  ]] frarcd f]”actioli call  I)c lI]UCII Iligller  (see lmllsdalc’  1992 axlcl rcfcrenccs
tlierci]l). I t  fol lows l~y a]lalogy to derivatio]ls of tl]c cIx])ectrd  i]ltcgratcd light in the ol)tical  b a n d
(egg. l)artridp;c ancl l’ccl~lcs 1 967)  that t IIQ i]ltc~,ratcd light o f  g a l a x i e s  in tlIe  illframl region  can
I)e ex])ectcxl  t o  be a t  least a few ])ercellt  o f  tllc ])cak o f  tllc CTh41\. ]Iacking,  Condoll  a]ld IIouck
(1987) found  cvidcncw for stro]lp,  lunlillosit,y  alId/or  CIcl,sity evolution of I1{AS  galaxies, at a rate
colnl)aral~le  to that of quasars, w’l]icl) furt]lc] cJ)l Iiinccs  tl)e  cx])c’ctcd  i]ltcg, rated bac.kgroulld  radiation
( s e e  a l s o  l’ra]lccschi]li  ct (il. 19881);  IJonsdale  aIId IIackillp,  1989; IJonsdalr cl al 1990; S a u n d e r s  C(

f//. 1990; IIacking and  Soifcr  1991 ) .
‘1’lIc si]n])lest  k ind of  mode]  fol  l,lIc intep,rat(’d  e]nissio]]  of ~alaxics il]vo]ves  taliillg a local  lu]lli-

nosity function (1,1”) and a functional form fo] [I]e ci’olutio]la]y law, and Qxtra])olating backwards
in ti]llc  t o  Iuatcll the obsclved  fll]x a][d rcdsllift dislril)utions  o f  decl)  galaxy sa]n~)lcs i]] a I)articw
l:ir wavelength band. ‘J’lle ]IIodel distril)utiolls  alc tl]ci] intcg]atcd  OVC1  f l u x  and  rcxlsl~ift, to SO]IIQ
]naxilnull~  redshift, z,,,, fl,, t o  derive a l~ack~,rolllld  illtcwsity. III mal]y  IIIodds  the c]ltirc  l u m i n o s i t y

fu]lction  is fixed in slia])c  a]id it t r a n s l a t e s  C?L )~la.ssc ill II]lllitlosity  aI~d/o] dc]lsity at tllc given rate.
S u c h  Inodc]s  arc called  tra]lslatio]la] m o d e l s ,  a]ld tllc’~ w’erc origi]lally j)ro])osed  for tllc cvolutiol]
of radio sources and quasars. ‘J’llc ])l]ysica] illtc’r])]ctatio]l o f  suc]l cvolutio]~  illvo]vcd  all i]lcreas-
i]lg lu]ninmity  of A(; IN wit]] loo!iback  tilnr fo] lullii]]osity e v o l u t i o n , c)r aI\ inc.rcasing  fractio]l  o f

galaxies ]msscssing  A(; N at earlier tinles for dcllsity cJ’olutio]]. 1]] tl~c context  of far-infrared briglit
F;alaxics,  ])owjcr  law transliitiollal  evc)l(ltion  wou](l descril)c an increasing  lulnillosity o f  starl)ursts
a] Id/o] A(; hT with looliback til]]e,  or an i]lclcasi]]x fla(tioll of palaxics undc’rF;oi]lg  starbulst  LIl)isodcs
aIId/or AGhT  ~vcnts wit]) lookl)ack ti]nc, ‘1’1111s  lllis ki]ld of cvolutio]l  is IIOt well suited for dcscril)inp;



thcmccntly  popular mcr.gings  cwlarios,in  which smallcrga]axics merge to folm Ia.rgcrollcs - sucl}
sccmarios  implicitly involvccvolution  of the shape ofthc  luminosity fullctiolL.

A summary of the parametric. models of the far-infrared lm.kground  that have lKWII  pul~lishcd
basccl  on translation] evolution is given  in the upper ])ancl  of ‘llaI~le 1. ‘J’hc wavelcng~hs or wavt~-
lmgth range modcllcd, the cosmology,  and z,,,.,. acloptcd by these various authors is given. ‘J’lIc
parameters a, $’, K and Q define  the paralnctric form of the assumed evolution bcha.vior of the 1,1~
with redshift, as follows:

flco(~) ‘  Aw(fo) (1 -1 Z)fi

( I )

(t?)

describing power law luminosity and dcmsity  c~’olutioll, respectively, where pCO is tile co-moving
density, and:

L(i) =- I,(to) #(1-( f(z)/~o)] (3)

for exponential luminosity evolution. For 0=1, (t(.z)/tO) == (1 + 2)-3/2  de f in ing  t he  rclat,ioI]  USCCI
lJy (l]ivcr c.! al. ( 1 9 9 2 ) :  l,(t) =- I,(to) cxp{2/3Q[l –  (1  + z)-3/2]}.

I’or tl]e first four models in ‘1’able 1 all galaxies co]n])rising  tile l,k’ arc allowed evolve at the
saJIlc  rate, while  t]lc  model of ]“ra.nccsc]lini ct CI1.  (1 99]  ) a]]ows  for three ga]axic!s  types to CVO]VC

at different rates. q’hc mode] of ‘J’rcycr  and Silk is diflcrcnt iIt Jlature from the otllcvs in t]lat t]]ey
do IIot allow tllc luminosi ty  functio]l of “norlnal” galaxies to evolve with time, hut acid a ]ICW
population of dwarf galaxies W11OSC characteristic .sI)acc dcu~sity, ~~* (h4]Jc- 3), is tllc parameter t]lat
wolves:

(4)

whc.rc IL==IIO  ill uniis of  100  kJU/S/MpC.. ‘J’his Inodc]  i s  designed to Cxl)lain tlIe  stcej)Iless o f  (he
olxwrvcd  b]uc  number  counts of galaxies with a ]Jo\)ulaticJll of dwarf galaxies wllicll  is I)rcw:lIt  at z

= 0.7 but has faded to invisibility by tl~c current c])oc.11. ‘J’reycI  aIId Silk also i]lvestigatc  a IIIodcl
based OJI t]lc  number density evolution of dark ]natt.er ]Ia]os ill a c.o]d dark ]nattc] sce]lario,  w]lic]i
predicts a large adunclallc.e  of low-lnass lialos. ‘J’ltc intcp;ratm]  l)ackground  l i g h t  })roduc.cd l)y this
model is very similar to that, of the blue dwarf lllodcl  desc.rihcd  Ly equatioIl (4).

A  diflkrcnt k ind of  Jnodel  a s s u m e s  t h a t  tllc evolutio]l wit]l  loc)kbac.k ti~nc! of g;alaxics  ill the
far-iltfrarcd  is  pr incipal ly clue to tltc Jla(ural cvo]utiolt of their ste]lar l)o])ulatiolls ajld interstellar
lncdium, witltout Itcwssa.rily  ilivoliing  dralnatic starburst or A (;N cvm]ts. ‘J’lic lnost soj)llisticatcd
kind  of modcd involves population sy]itliesis using; stellar ])hotollletric aIId chcunic.al evolution ~)re-
scriptio]is to model in detail tl)c  spectra] clicrgy distributions of various :,ala.xy  tyl)es as a functio]t
of tilnc. ‘J’hc evolut ionary bclia.vior  cjf Inodcls  of this ty])e  is usually dictated l)y aIt assulncd dc-
])cltdcllcc  of tlic star forma .tioli rate 011 SOIIJC l)OWCJ  of tlIc g,as mass or density. As for tile ])UWIY
paralnctric l,F trallslatic)nal m o d e l s , t he  syn thes i s  ltiodc]s  arc IIlatcltcd to tllc flux altd rcds]lift
clistributions of  dccl) galaxy sa.m])lcs a.lld thcll integrated to derive ba.c.kgmullds,

l’o])ulation synthesis modclliJtg  of cvolvil~g; galaxies is a very active field ill tllc U\T throu~]l  llcar-
in frarcd bands,  but it is less  well dwclopcwl  at far-infrared wa,ve]cngtlis  bccausc t]tc dust rc-clnissioli
of stel lar  pltotons is au extra dilnc.nsiol~  w’l~icll most, ]nodc:lcrs  llavc yet  to tackle.  ‘J’l Lc ]ml)ulatiol~
s y n t h e s i s  models of hlazzei, XU and  dc 7,0tti (1992)  and hfia~,zci, I)c Zotti altd XU  ( 1 9 9 3 )  are tllc
fil$t tO fU]]y illCOJ’pOratC thC! J’C-C.HliSSiOIl O f  S~a.J’]ight  ~Jy d U S t  Wit]liJl ga]~XiC!S. ‘J’ltesc  C.]OWd ljox
models incor])orate  (I]cmica]  evolution, thus at early c])ochs  tl~c dust coIltcnt  grows with time as
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tlic mctallicity incrca.scs wit]] I,hc rctur)[  to tile intcrstoliar mediuln of cnricllcd gas f r o m  e v o l v e d

stars. ‘J’lIc  dust  opt ical  cle])th reacllcs a maxilnum  and some point in time a]]d then dcc]incs  ap; ai]l

as star formation gradually uscs u]) tllc lSM.
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1~’igure  2. o p t i c a l  dcl}tlt  in tllc l)luc frolll May,u’i c1 0/. ( 1  992.). ‘1’IIc  curves arc lal)clled  I)y t h e

initial star formation rate (h4~)/yr).
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‘1’lIC rate of c.llange  of the dust o])acity  is a function of  the ini t ia l  s tar  formation rate ,  wllic.11 is
l a r g e s t  for thccar]imt typcgalaximalicl sltlallmt fortltclatcst  ty])cs. ‘J’lIc IAavior of ~ with ti)nc
is illustra.tccl for several galaxy ty])m in l’igurc  2: a muclI  IIIOrC rapid relative far-infrared/optical-
llV evolut ion is  cxpcctc.d  with lookback tilnc for early ty])c  than for Iate-ty]m systc.]ns,  bcc.ause
tllc la. test  type s y s t e m s  arc still rcaclling tltcir ])cak o])tic.al clc])th a t  t he  p re sen t  cljocll. l,atc-
typc systems  in the local universe d o  illdcul e m i t  si]nilar amounts  of  mergy in t h e  optic. al-UV

and tllc fa.r-illfrarcd, wllerc:a.s clli])tic.als  nowe)nit  only  a. very  stl)all  fractiori of their clicrg.y ill tile
far-infrared,

l]] l’igure 3, 1 reproduce a figure froln  Ma?,zci alicl dc 7,0tti  (1993), which shows model sl)cctral
energy distributions for a rar[gc  of ages for elliptical galaxies, compared to tile observed data for the
high rcdshift  IRAS galaxy 11’10’214+  4724 (SCC Section 3.1 for a discussion of this object). “1’hc oldest
of tllcsc modc]s rc])rcsents a present day c]liptical, and matches ohscrvations  of local cllipticals well
(Mazzei cd al. 1993). ‘Ilis figure  clearly illustra.tcs the cxpcc.tcd  very  strong cvolutio]l in the shape
of tllc spectral energy distril)utioll  (S II;I)),  witl) a far higllcr pcmcntagc of tlie total energy clncrging
at far- infrared wavclcngtlls at early times than today.
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ligum 3. l;volutioll of  tllc s])cctra]  e]lcrgy  distril~uti{]n  of  all clli])tical  galaxy (h4a7zci  ct ul. 19!):1)
c.o]il])ard  to the observed s])cct]ull~  of lI{AS l’] 0?14+  4724 at z,= 2.286 (rcl)roduc.ed  from Maz.~,ci
a)ld I)CI 7,0tti 1993).  ‘J’his model has a Sal]wtcr  (1955) Ihfl’ with a lowc]  mass Ii]nit  of 0.5 hlc),  a star
for)natio]l  rate pmporticnla]  to L]}c gas fraction to tllc ().5 l)ower,  and  dusl-tmgas  ratio prol)ort iona]
to tllc Inctallicity. ‘J’lIc d a t a  arc fro]l~ l{c)i~’at]-l{olji]]sc)]l  C( (//. ( 1 9 9 3 ) ,  l)ounes  ct (11. (1992)
‘J’c]csco (1 993).

‘J’wo nlodcls based 011 (IIQ ]latu Ial c]icrllical  aIId ]jliotol]lct],ic  clolutio]j  of s~clla]  J)o])ulations

and

and
intcrstc]lar  Indiu]n  a r c  scllnmarised ill tllc louIcr ])ancl o f  ‘1’al)]c  1 .  11’rancesclli)li  ci al. (] 991 ) l~al’c
used  tllc Illodcls  of h4a7jmi et al. to l)rcdict the coslllolop,ical  Background due to cvo]vi]lg  ga]axics in
tllc Jtcar  al]d Inid-ilifrarcxl,  IIowcl’el” ill t l]c fal-i~lflarcd  rcp,iol]  t llt~y rrvclt  to ii l)C)WCII law  l)aralnrt r i c
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ap]jroac.h  similar to those cliscussccl above. ~’his appmac]l is illl]]rovcd  in l’ranccscllini ct al. ( 1 9 9 3 ) ,
WIIO  c.xtc~ld tIIc synthmis  lnoclclillg  t o  tl)c  far-i  llfrarcdo ‘J’hcy  obtain goocl fits to the local  GOILm
counts with their model, due for the most part to the strong  dust evolution of early-type systems. ‘
Cholishi ct al. ( 1 9 9 3 )  have used t h e  models of  Mazzei  d al. (1992)  to  silnulatc CICCIJ Muc a n d
near-i llfrarcd galaxy ima.gcs,  and Choks]li  cl al. (1994, ill preparation) will extend their a])proacll
to a full spectra] synt,llesis  modelling at far-infrared wavclmlgths.

W a n g  (1991 a,l~) has also considered tllc evolution of tile dust a]lcl tile fa.r-inframl  emissiol~
fro]]]  d i s k  g;alaxics  witl[  tilne, slid tllcir co~ltribution to tl)c far-i  jlfrared b a c k g r o u n d .  ‘1’aking an
analytical  ratllcr than a ]jopulatio]l sylltllcsis a])proac]l, Wang clc.rives tllc chclnicaJ evolution fc)r
a prompt ini t ia l  cwrichmcnt (1’III;)  m o d e ]  a.lld also for aII  a.cc.rctiol[ model ,  a.lld tlic subscqucl)t
cwolution  of the i]ltcrstclla.r dust, wl~ic.h lIQ argues forms ])rinc.i])ally in mole.cular clouds. Wang
finds  that the dust content of young disk galaxies call  l~e u]) to 4 times larger tllall today, and
the far-infrarml  luminosity can be two orders of ma F;llitudc greater. ‘1’hc  1’III;  model predicts much

stronger backgrounds than the accretion model hec.ausc  it ShOWS strong cvolll~i~n  of tlIC  d~lst ll~ass.

2.1 Model ]bSll]tS

~J[lll  I\lllllllll\llll  1,,1,  1,,  ,,1,  ,,,  ],,  ,,11 1,[

,,, [,, ,.[!,  ,,1, ,, 1 1 1 1 1 ( 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1

4 3:, 3 25 2 1.5 1 f) o :)
lop, A (//111)

l“igure 4. (;olll])arison of val ious tl’a  II S]ati[JIl~]  evolutioll ][tode]s  for tllc illtce;latcd ]ig]lt  of galaxick
t o  t h e  Colll’; d a t a .  IIeavy solid lillcs  - IIcichlna]l  and  IIrlou (1991)  IIo-cvc)lutioll  ]Node], 110= 4 0 ,
q: 0.’25 ( l o w e r ) ,  a n d  dcllsity cvolutiol~  Illodc],  ,f?=-4, 11., ]001 q: () (ul)])cr);  S n o r t  dasllcd lil[c
l’rancmchilli cl al. (1991)  evolvi]lp; IIlodcl,  a s  sulnlnariscd ill ‘1’al)lc 1 ;  l,ight s o l i d  l i n e s  ‘J’K?[il’
and Silk (1993) IIo-cvolutio]l  and cvolvillg m o d e l  (cquatiol~  4); O1)CII c i r c l e s  IIac. king  and Soifcr
(1991 ); Solid  circlcY - \tTe{cl]]]a]i(l{)90).
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‘J’lIc results of the various ]Jara.metric 1,1+’ translational evolution models for tltc infrared bacli-
ground emission arc sulnmarisml  in Figures  4 allci 5. ‘J’llc IIcichman  a]~d IIelou  (1991)  m o d e l s
sclcctcd for this figure bracket all tlIcir models ,  and  incor]mrate  an improvccl  trcatlncl~t of the
cnmgy d i s t r i b u t i o n s  o f  ]ocal  galaxies  c.olnljard  to the IImdc]s  in t]tc pub]ishd  p a p e r  (G. IIdou,

p r i v a t e  communicat,io]i).
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~i~UiY3  ~. ~oIll])ZiTkOIl  of O]ivf?l  ef 0/.’s  (]gg2)tl”allS]~~iCJl)a]  CI\’OIUtioll  IllOdC’lS  fol’ t]l~ illtc~latd
ligl~t of galaxies to tllc COIIII; data. l)ashcd  lillcs - dclisity cvolutic)nl  ?,, Lao = I.(I (lower) al~d
Z,,,m,. = 2.1 G(ll])]jcr); llcavyclasllc{l line- cx])c)llelltial  l~llllillosityc l’c)l~ltioll, (~= 3.2, z,, Lfl,. = 6.94; Ilight
s o l i d  lil]m  ])owcr  l a w  l u m i n o s i t y  cvolutio]l, o: 3.15,  z,),o~:2.16 (low’cr)alid z,,,o,= 5.31 (u])pcw).

Most oftllc]Jarall~ct] icll~o(lclss~ lll~]l~alisfclil~" J`alJlcl (lc)llc)t cc)llflict J\'itll tliccllllclltl~ 'availal~le
IJll{lll; limits, llol~'cl'cr  tliclligllcr ck'ollltiollalJ'  latesall(l tl~(’llip;llcll’alllcsf  c)r~,))lQ1 arc’ collstlail~~d
bythclongcst  w’avclcmgt]l  l)ll{l]l;lilllits,ill ])articlllaltl]clli~llcl z,,,a,  [lcllsilyc’vc)llltioll  Inode]sof
Oliver et al. arcincol~sistent,  with tile 1)111111’; limits.

'J`]lc]('] l{. ASdistortioll ]iIllits]  )lotriclcal l~llcllst loligcrcol ~stlail~t,  ])artic.[llal]y tllc]owcr]inc  with

t,hc.gala.ctic.foreground relnoved by h4atlier cf al.. A S n o t e d  al)c)~c~,l~o~vcvcr,tllis  lil[]it  ]nay  I)c toe,
stringent for c.om])arison  to tlleel~c)li~illggalaxy ]nc)dcls, sillcc  a ]Joriion  of tlic ‘(galactic. forcg; roul)d”
that IIas bcell  removed by Matl[cr c1 01. (1993)  ]I)ay be ])art of all isc)trol)ic  cxtraga]actic b a c k g r o u n d
clue to tllo  integlatcd lig;llt of galtixics (Wri~;l]t  c1 al. 1993). I;VCII  our al)])roxilllatc estil~latc of tllc
I“I1{AS  limit using Wri.gilt C( o[.’s lnorc collsclvativccsclh[ galactic folcgroulld  sul)trac.tioll co]lstrai]ls
tllc cvo]villg  lnodc]s  quite strongly, w/infg ovt tl]c ])aralnctric ])ower  lulllillosity cvolutio]i models
w i t h  values of & high  cl]ough  to fit tllc 6(lj(]n  ]lu]nljm  counts  (O  N 3 - 4 ). ‘J’ltus  if ])urc  poivcr l a w
]ulninosity  evo]ution is t]lc  cx])]anatioll for tllc stcc])l~css of (1]<’ loca]  universe 601{111 IIum]~cI counts,
tllc.n this cvolutioll cannot col~tinuc  to coslnologica]  distalices without scvmcly violating t,llc 11’II{AS
distortic)n limits. ‘J’licrc is some cvide)lcc that ])owcr law lulninosity  cvolutioli w i th  o > 2 is alSO

ruled  o u t  }Jy  t h e  rcclshif[  distril)utiol[s  o f  II{AS 60 a]id l[)[)j{lll-s(’lrctc(l  p,alax$y saIm)lcs (Ilackillr,



. .

,,,

a]ld Soifcr  1 991; l’isher  ct cIf. 1 992).

‘1’he  ])owcr  l a w  dcllsity cvolutioll moclc]s  wllicll  call  f i t  tllc 60//11-1  ]iu]nt~cr c o u n t s ,  /3w4 -  7 ,

arc o]}ly cons i s t en t  w i th  11’] I{AS for very  low values  of  Z,,, fll.;  Z,,jlo, << 2.2 for tllc’ ~livcr ci cII.
mode l s .  ‘1’llis is because IIigllcr  cvolutioltary rates arc ncwdcd to fit tllc z<O.5  numljcr  cOullts  usi][p,
])owcr  law delisity cvo]ut,iori t,lian Imwcr law lu}llinosit}~  cvolutiol]. Si]]c.c this form of trallslatic)na]
density evolution involves a sc,cnario  in w]lic.h  the fraction of galaxies having stalhursts and/or
AGN  incrcmcs with lookback ti]nc, a low value for Y,,,LO,.  is nec.cssary,  ill ally case, to prevent tl~is
starl)urstillg  ( a n d / o r  AGN) populatio]l froln  bec.omi]lg  largcIr than tlIc  total g;alaxy  popu l a t i on
(Wcwclluall  1990; IIacki]lg  and Soifm  1991),

q’he cx])oncmtia]  ]ulnillosity cvolutioll ]nodcls  f a r e  solnewhat  better: Lot]l  the l“ranceschini ct
al. (1991 ) model with z,rTlaz=- ~ and tll~  ollv~r ~~ ~IJ4  mc)d~:l  Wltll ~jlllQO= 6.9, which can  fit the local
number c o u n t s  wit]i K ~ 2- 3, arc c o n s i s t e n t  w’itll t]le u])})cr  F’II{AS ]inc,  t][oug]i  t]ic! ~]ivf?l” c:t al.
]l~odcl is only hardy  consistcmt wit]l  the ]ower  of tile two 11’II{AS  li]]es. ‘1’}lis  difl’cxmcc  froln  t h e
power law luminosity evolutiol~  Inodcls  is not surl)risillg since cx])c)llclitial  evolution was ilitroduced
to avoid tile lligll-rcdsliift divcrgmlce of ])owcr-law  evolution (11.c)Ji’al~-l{c)l~illsol~ 1968).

W r i g h t  ct al. (1993)  fitted tllc dis tor t ion lilnits with a I: < 2.3 (20  ) Qxpollc]ltial  Inodcl  base’d
o]l tllc IIeicllman a]ld IIdou  m o d e l s ,  a f t e r  subtracti]lg tlie collsorvative  CSC]LI  c.olltril)utioll  duc

to tlIe Galaxy  that  t,hcy clo not b e l i e v e  likely  t o  include a  signific.a]lt  cxtragalactic coln])ollent
(a])proximatcxl by tl,c ul)~)er I’I1{AS  deviation lillc  ill figurm  4  and 5 ) . ‘1’liey esti]nate that t h i s
tral}slatm to all u])])cr  limit on the frac.tioll  of the l)a Tyo]i dcllsity cc, IIvc]  tecl from IIc to 11 by S u c h

a ])opulation of evolving in frarcx] galaxies Of < (),s(~,.
‘J’lIc fatling dwarf  mc}rlc] of ‘Jhycr  and Silk is also coll~fortaljly collsistc]lt witli the 11’II{AS  lilnits,

wliicll  is ]iot sur])rising  given  that this  ]nodc] assigns lnost of evo]utiollary efi’cct to (iwarf galaxies
at relatively low rdsl}ifts.

A s  n o t e d  al~ovc, all of tllc p u r e  translatiolia]  cvolutioll models arc linjitcd ill that tllcy a]lo!v
o]lly tralislationa] e v o l u t i o n  o f  tlIc  e]ltirc 1,1’; tllcy d o  IIOt  allow  c~fc)lution of ally Otllcl ])llysical
galaxy ])ro])crty,  inc]udillg  the dust  tclil])clatlllt’. h40st  of tllclll d o  IIOt twat difl’clcl~t galaxy ty~)cs
scq)arately.  Given  that t]lcsc lnodcls arc IIow  colllillg into direct conflict with t]lc  COlll; results.
it is clear that  that  tllc Inore  So])llisticatcd cllcIl]ical  c!’c}l(]ti{)ll-l)asc(l  Inod(:]s  arc ]]cccssar.y  to get a
]norc  realistic understanding of the integrated (Jnlissioll  of galaxies in IIIC far-i  ]] f]ared. III ~)articular,
it is i]n])ortallt  tc) r(’co~,llisc tl]c  likely  i]njjoltallcc of. SIIOIIP, ci’olutioll of tl]c  d u s t  o})tical  dc])tl  I ill
early ty])c  syste]ns. S u c h  ]1)0(1(!1s  of courw lIave  tllci] owrlI  sllo]tcc)]llil]:;s, m o s t  IIotal)ly  tl]c  f:ict
tlIat tliry ])avc ma]ly  Inorc  ])l]ysical  vitriablcs than call  bc rcalistica]ly co]lstrai]ic(l  I)y obscrval~]e.s at
[)rcseli[.  h ’ o n - t h e - l e s s  tllcy re])rm(>nt t]Ie ])(s( a])])Ioac]I  in tlIc ]oIIp;  rUII  si]lcc t]Ie universe  colltain~
tllww ]Jaralllctcrs, wlletllc’r  W(’ call  Ill CaSU1’C  tll(’11  I1OJV 01’ n o t !

IPigulc (i illustlatm !Ilc lcsults of  tlIc  tlvo ]l]odels  I)ased  011 tllc Ilatul:il Cllclllical  and ])llotolnctri(.
evolution of stellar pc)])u]atiolls  and illtcrstcltal Illcdiuln dcsclil)cd ahovc. ‘J’IIc t~vo Ill OdC’]S of \\afI~>
(19911))  SIIOWI1  ill l’igu]c 6 /J1’aC]{Ct  all tliosc disl)liiycd  ill IIis l’i[;llrc  2 for  j,= 5. Solilc  of tllcsc ]Ilodrlb
arc also strong;]y  lilnitcd 1)~~ tllc I’II{AS distortio!i r e s u l t s , ill ])alticulal tllc l)ll; ]nodcls  o f  Wang
wit,l~ cxl)oncllt, ially declining star forlnation rate. ‘J’IIc conflict with tllc l’l I{AS data would I)c Ioivcr

for tllc lower zf 1’11;  lIlodcl  of \Vallg  (z~= 2). ‘J’llc accretion ltlodcls of \lTalIF, arc ill niore acccj)tal)lc
agrcclnc]it, sillcc  tl~cy snow  l i t t l e  cvolutio]l of  lltc dmst ])l:tss w i t h  looliback tilnc. No te  that tl~c
lnode]s  o f  W a n g  llavc  not I)ccn constrained  10 fit tllc ol)se]ved local  ullivclsc far-i ]lflawd Ilullll)cl
coun t s ,  unliko  the l)arallletric translational ]node]s  disctlssod al~ovcj  and tlic Il)odc.ls  of 11’lallcmcllilli
C( 01. ( 1 9 9 3 ) ,  ‘J’hc c}])aq{lc lllodc]  of l“lal)ccscllil~i c1 f{l. (1993) i s  a l s o  ll~arginally  ill col[flict  {vi[ll
tile lnorc strillgrnt of  tl~c t[vo 1’II{AS lilnits.

A  c o n s t r a i n t  on t]]c dl]st colllcllt  aIId  tcIu])craturc  of you II:, d i s k  p,ii]a  XiC’S  ]las l)C’QII  dcrivd  l)>

lf’all an(] l’ei (19!) 3), wlIo lIavc  cstill]:itc(l tllc dLIst d(’llsity  o f  tlIc  daIIIl)cd  l,y{~ systcl Ils, lvllicll ]Ila)’
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be tlIe  progenitors of present-day galactic. disks, fro~n tlic observed rcddeni~lg  of quasars SCCII cjn the

line-of-sight through the damped l,yo systems. 11’rom this dust dcmsity  they call  tllm estimate tlic
contribution of thmc disks to the far-i  nfra.rcd  a]ld sublnillimetcr  ba.ckgroulld  in a simple way, witl~
tllc (unknown) dust temperature as the only iml)orta.nt  variable. ‘J’lIey find li]nits on the co-lnc)ving

dus t  dens i t y  ill the d a m p e d  l,ycr systems of  10-  G < l(fl~~,~ < 10 -4 . lJsillg tllc tllcm ava i l ab le

11’IR.AS and l)llUllI: l imi t s ,  t hese  dus t  dmmitics  tra.nsla.tcd to ]ilnit,s c)n the dust  tmpcraturc  in
the disks of < 601{ and < ‘251{ for hfldU,f  = 10-G and 1 0 - 4 ,  rcspectivcly, based on an intcgratic)n

of the dampccl  l,ya sys t ems  bctwccn rcdsliifts of 2 and 3, wlierc they arc o b s e r v e d .  ‘J’llc n e w e r
11’lRAS  limits of Mathcr et al. (1993) would lower these tcm])craturc limits somewhat. ‘J’his is an
interesting technique, though it is limited by definition to low optical clcptll  lines-of-si.ght through
the foreground systems,  thus  cm tell us little of any denser star forming rcgiolis ill young disk
galaxies. It can also tell us nothing of the dust lnasscs allrl temperatures ill clliptica]s and SOS al
high redsliift, and thmc arc tho systems that arc ]nost likely tc) I)c tllc lnost iln])ortallt far- infrared
onitters at early epochs,
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l“igurc G. Comparison of various models for the i]ltcg]  atcd light of galaxies al~d I)rc)togalaxies  to tl[c
(;01]1; data. IIcavy solid lillw+ -  Wang (19911))  z~= 5 1’11; ]llodcl  witl] cxl)c)]lc]ltially  dccrcasin~  stal
forlnatioll rate ( u p p e r ) ,  .zj=- 5 accret ion model  with consta]lt star forlnatio]l late (lower)..  IJasllc’d
li]}cs l ’ r an t . c sc ] l i n i  c1 0(. ( 1 993)  ])c)])ulation syllt IIcsis llc)-evolutiol~ (Iowcr),  modcratc]y o])aquc
(llliddlc) and opaque (u])])cr)  m o d e l s .  light sol id  Iil[cs l$rallcescliil]i  cl (Il. ( 1991 ) ])l’OtO/;~lil X~
models wit]l  zj= 4.3, Az: ().3 (1 O W C I), z~~ 2 A~l ().1 (u]J])c]).

Sc)lnc additio]lal c o n s t r a i n t s  011 cvolvin~ galaxy lliodc]s  can he sou!;llt  at otllcr wavclcllgtlis. II]
tllc radio a strong  correlat ion in Cvolutiollar.v  l)cl)avior  ]l)ay be cx])cctcd  I)ecausc of tile w’cll-kliowll
strol~g  correlat ion bctwecll far-i  llfrarcd al~d radio fluxes for ]llost. Ly])cs  of radio-quiet  g;alaxics  ({g.

1 I c 1 o u ,  Soifcv  and l{owan-  l{oljinsoll  1985).  A IIistorica]  .aItccdotc  is of interest lJCJC. l>ar-ilifrarcd
cvolutioli s t ud i e s  a r c  ])rMcI\tlY  l~ased o]] II{AS d a t a , and ~i’llc]l I1{AS  u’as lau]icllcd fclv I)cc)])lc
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drcaIllcI.d  it would be sensitive cnougli  to tackle cOs]nOl O~ical  questiOns realistically! in fact what
]notivat,cd  l)crry hacking to address this qucstic)ll  for his tllcsis (Ilac.king 1987; IIackillg, Condon
and llouc.k 1987) was the realization tltat if, l)ccausc of tlie radio- ill frarcd c.orrclatioll, galaxies
e v o l v e d  aslnuchin  the far-infrarccl  astllcy al)l)arclltlydoat  crll radio wavcJcr@lls(lz  cx (1 -1 2)-”,
CcIndon 1984)  then such strong evolution ~hould  Iw detectable by I]LAS, even  though  it only ])robcd
tolnoclcst  rwclshifts(z s0.1). q`l~crcs~llt  ofllackil~g's  stucl}' Ivastl~c c.o1lclllsio1I  that tllefaillt IRAS

6011111 c o u n t s  c o u l d  be fitted rcasonab]y well with tllc sal[lc model that was  fouIIcl to best fit t he
counts for tllc sub-mitlijansliy radio source po]julation (it. the IIon-ac.tivc  galaxy radic)  s o u r c e
])opu]ation) by ~OIldOJI  (1 984).

Similar conclusions have hcell  machcd ~Jy ot]Icr authors  Using diflelcmt models (cfg ]Jallc’sc CL
al. ]987;  l’rcycr  and  S i l k  1993; l’ranccwllilli ct al. 1993),  tllorcfc)rc  i t  seems clca] that in the
relatively local universe at least, the radio and  far-infrared )Iulnbcr cou]lts and rcdsl Lift distributions
of nc)n-active  galaxies can be used togctller  tc) constrain evolutionary scenarios. Unfortuliatc]y, for
cosmological background studies tlic radio wavelength region  is collsidelably  lCSS i]itcmstin?, that
tllc far-infrared, as Malcolm l,ong;air  clcscrillcs  cloqumltly clse~vlicre  in this volume.

‘J’hcm has Lecn some work addressing  tlic im])lications of evolving far-infrared brig]lt galaxies
to  t he  ~-ray b a c k g r o u n d  (Wccdma]l  1990; Griflitll.s  and l’adovani 1990; l,o])sclale  a n d  IIarluoli
1 9 9 1 ;  ‘J’rwycr  ar~d Silk 1993). ‘J’hme studies c o n c l u d e  that the sim])]cs[  jjaralnctric Inodcds  wllicll
fit tile far- infrared Itumbcr cou]lts  call produce 50 to 1 00% of t IIc soft ~-ray I)acligroulld.  S ince
Inuc.]ll if not aJl, of t]lc  soft ~-ray B a c k g r o u n d  SCCI1]S to be duc to AGNs, tile actual ccj]lllil)llti(>]l
f r o m  starbursting  infrared-bright  galaxies  must  bc no more than 50(% and ])rol)al)ly  lowc]”.  ‘J’llis
constraint, is likely  to ])rove illtcrcstillg as evolviltg; models lwco]nc II LOJ”C sopllisticatccl.

3. l’ltIMl~VAl, GA I, AX I14;S A N ] )  ‘J’II  II; ll’AI{-INFI{A  1{I;I) lIACKGl{OIJNl)

Searcllcs  at optical w’avclmgths  for ])rilneval  ~,alaxies  using tl]c  IJyo line  IIave ]Iot I)ec]l successful .
althoug]l s y s t e m a t i c  cflorts o v e r  large rallg;cs ill volulnc’ and redsllift liavc bccll  going 011 for I[lal]j’
yea r s .  An elusive and still  hy])otllcticat creature, . “~ ])ri Inc’val ~,alaxy  Is LIsually dc’fi IIed by its ]lllllt~,lh
a s  all early ty])c  galaxy going  t]lc)ug])  a dralllatic initjal stal foll]lation event,  ~)erlla])s Inuc]l  l i k e

tllc lulninous starburst  galaxies we scc in tile local universe. A  ?,ood rccclit review’ of t]lc slllj~ect
i s  givcll  by l)jorgovsky  and  ‘J’ho]n])son  (1 992).  ‘1’llerc  arc s e v e r a l  ]Jossible  cxl)la]iat io](s f o r  tliis
l a c k  o f  s u c c e s s .  onc is tliat JJrimcva] galaxies lllust lic 1)(’yo]l(l  a ]wsllift c)f .31)out  10, wllicll  is tllr
a])]jroxinlatc limit of large scale scarcllcs to date , a rmult that  would I)c consistclll w’itl~  a halyollic
d a r k  matter Inodcl  wit]] ])rimcval  isocurvat.  urc  fluctuatiolis  (1’ccl)lcs  198’i). Altcrllativc]y,  it IIiaY I)c

that tll{l dark matter models  in w’hic]l galaxies grow ]nucl~ ]norc Iccc[ltly t]y gravitatiolla] illstal)ilit)’
out of a  scale- invariant  Sl)cctruln  of ]Jrilncva]  adiabatic  dcllsity fluctuatio]ls are co]rcct. llowcl’cr,
tllc Inost  sensitive scarcllcs arc lIOW coining into c o n f l i c t  cv[,]l u’itll  tlic ])redictiolls o f  c o l d  dark
lnatter g;alaxy f o r m a t i o n  silnulatio]ls s u c h  iis tllosc of IIamn and Wllit[~ (19S7).  l’illally it IllaJ’ 1)~’
that  i f  ])rimclval  galaxim do exisl, tll(~y aw slifficicltt]y  dustj t]iat I]IC ],}10 ])l)otolls  arc, cxtinp,  uibllcd
and  muc.11  c)f tllc Cllcrgy of the ol)jcct a])])oars  at far-i  llfrarcd v’avclcllgt]ls (cfg. l{quflllall aIId  ‘I’IIua  II

1977, va]l den IIcrgll  1990).
‘J’wo recent far-il~fIarccl/  s~ll)ll~illil ~]ct{~r l)(; lnodels ale tliosc of l)~CJIp,CJVSk~  and Weir  (  1990)  aIId

l(’ranccschini  cl al. ( 1  991 ). ‘J’lic ]nodc] o f  l)jc,rgoisky  and \fTcir lvas  act ua]ly  (Icv+ip;tled  tc) fit t I)(’
7[)OI11U  excess c]nission  over t]lc Ch411  claimed to I)c detw-tc(l  I)y Ivfats{lmoto  cf ~1/, ( 1 f)8S). ‘1’]lat
e x c e s s  h a s  ]iow bccll  sllolirn to I)(I non-cxistrllt  I)y (;01!1’;  (hJatllr  I c1 01. IWO), IIowcvc’r tll(’ 1110(1 (’1

is still of interest  for far-infrared I)rip,llt l’f;s ill g(IIIcral. IIascd 011 t IIc’ Ol)scrv(’d  S])cct  la] (’!lcrp,)’
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distributions of t,lle nearby far-i  llfrarecl  l~rigllt  galaxies M82 and  Arp 220, the II1OC1C1  had a rang;e  of
lJcmil)lc  iltitial mass functions and  hur,st  tilncscalcs of 10 to 200 Myr. ‘] ’he IllOCfC]S  WC](! cmllstra.incd
not to cxc.cxxl tile forlnation  of a solar lnctal a b u n d a n c e  during tllc burst phase. ‘J’llc llumcrica]
resul ts  am not clircctly  a])])lical)lc  to tllc situatioli  1 aln discussing IIcrc,  however  lJjor~;ovsks’  and
T11OII]IMOIL  (I 992) used  the model to conclude that the then available COIII(; limits ruled out more
tllali a fcw percwlt of the stars in clli])ticals and  tile bulr,cs of spirals having been  formecl  in d u s t y

1’Gs, UNICSS the rcdshift corresponding to  (IIC epoch  of .galaxJ’ forlnation is less than z~=--3, and/or
tile dust is unusually warln.

‘1’he mode] of l’rallccschini ct CI1.  (1991 ) is also based  on the spectral energy distributions of
local star forming galaxies, and the$y collstraillml tlLe cwcrgy outl)ut to be that  required to produc.c
a solar metal abundance  ill 2 x 108 ycal-s. ‘lil~cil rmultillg models for formation epochs of zy = 2 and
4.3 arc show]] in ]’igurc 6, where it may be sam that, as concluded by 1 ljorgovsky and q’hompson,
11’lllAS  strongly  l i m i t s  m o d e l s  wit]l  CVQII  lnc)dcratc  f o r m a t i o n  rcdsllifts  and dust  tcm}]eratures  like
tllosc of local universe starl)urst galaxies.

3 . 1 .  IILAS }“10214+4724  - A l’ossil~k l’rotogdaxy

‘J’lle conclusion onc  may draw frolll  tltc ]tlodc]s  descril)cd  ahovc is that a scenario ill which lnost
galaxies went through a dusty early ])llasc  silni]ar to local starhurst galaxies Inay  be ill confl ict
witl~ t]lc 11’11{.AS  l imi t s . IIowm’er,  oli tllc other siclc of the coin th~re i s  some  reccmt  evidcmc.e in
favor of tlic cxistcncc of large alllounts of dust ill galaxies at early c])c)clts , and  possibly even one
cxa]l~})lc of a dusty l)G: tile cxtrcluc]y lulninc)us  galaxy llt AS 1P10214-I 4724 at z==2.286  disc. ovcwd
by llolval}-l{ol~illsoll  c{ 01. ( 19S1 ). ‘1’llis r,alaxy is arF;ual~ly tllc ]nost  luminous object ill tllc universe
with a  lumi]}osity  of 10] ’1}/- 2 1,6) ()/: 11~/10() kIII/s/A4~)c;  qo= 0.5), a]ld a (lust ]nass  estimated from
sul)lllillilnctcr oljsc>rvatiol~s  of  ?- .5  X los~l- 2MEI (l{c)l$’a)~-l{oljilisol~  c1 al. 1993; l)owncs CL al. 1992).
l{;vidcllcc for large Inasses of dust has also I)cc]i fo~llld ill sevcrat IIig,ll  ]cdsllift quasars (A]lclrcaI[i  C(
(Il. 1993).

‘1’lIc controversy over tl]c illtc]])l(’tatic)l~  of 1’1 0214- I 4724, as for lower rmlsllift  ~llt]al(l]~]i]~c)(ls  in-
f]arcd galaxicsl collccrns t,lIcI dolllinaltt source of tile CXII(’IIICIJ  IIif,ll far-i]  ]frarcd  luminc)sity d(:tccted
l)y I]{ AS. ‘1’]lcre is little doubt t]lat hot.]1 a Iutninous starl)urst  and  a Iloll-stc]lar active nucleus arc
])rw(~llt  in tile sou]c.c. ‘1’]Ierc is aljundant cvidc]lcc  t]lat ]4’10214-1  4724 is a ])rilncva]  ga]axy  uIIdcr.

fwiw  lig;o~~~ls  s t a r  follI~atioll,  il~cllldi]w  w 101 ] //-2  Mc) of lliolccular gas (Solomon, l)ownm  and
ltadford  1992),  a  lJV-to-radio  colltilluulti cl IcIp,y distril)utio]l wllicll  is lnost siml)ly  illter])rctcd a s
a l)owcrfu]  star burst (l{o\\’all-l{c)l)itlsc)tl  C( 0/, 199.3; Mazmi  ii IId I)c 7,01ti 1993),  and a r a d i o  s o u r c e
wllicl] is cxtcndcxl  on a  s ca l e  o f  ai)out 2,Fj )/- 1 kpc (I,awrmcc (/ (//. 1993).  IJikcwisc,  t h e r e  i s
sul]stallt,ia] e v i d e n c e  f o r  all cIIIl)(,ddcd A(+N:  IIip,ll cxcitat,  ion clnissic~ll liIIcs (l{o\vaIi-l{ol)il~soIl  C( ([[.

1991 ), and s t rong ~)olarization  (I,awrc]]cc c1 01. 1 993),  111 additiol~,  I)cw results from  near-infrared
( rmt - f r ame  o,,tical) s],cctrc,sco],y  sl,o,, [Nil]/llo and [0111 ]/110 clnissioll-lil~c  ratios to bc ty])ic.al
o f  tllosc found  ill tyl)c 2  Seyfclt p,aliixics (I;iscllllardt c( c(/. 1993).

‘1’IIc  l~car-inflaml (rest-frallle optical) continuuln  IIIOI])lIOIOF,Y  observed usi]ig  a 2562 IIISI)  al’-
1  iiy 011 tllc K[’ck tclc’scol)c Sllolvs at l e a s t T] colltilluulll coIII])OIIcIIts  that aljpcar t o  I)c pl~ysicall)’
associated over  a  physical  sca]r  of 25 //- 1 Ii])r (Ivlatthcws c1 ol. 1 993), sugp;estillg  a snlal] cluster
since  cacll  ol)jcc.t  is ll~orc luminous i]] tllc lest flalllc I baI~d tlla)l  a local  1,” g a l a x y ,  alId tile main,
soutllcr]i object Ilas a.lltlost  100 1,” in l~~st flalnc’ r. A II UIII1)CI  of fail~t sources (1{>21 JI)ag) arc also
SCCII witllill 20” of tile cclltral source that  IIIaJ  I)c  ~alaxics  ill all a s soc ia t ed  c lus t e r .  ‘1’llis imap,c  is

rc])ro(luccd  ill l’ip,ul c 7. ‘J’lIc Kccli Iw+lllts also s]low t]lat (]IC I)rip,lltost  110 sou Icc is IIOW’  I’UWIVCd  011



ascaleconsistcnt  with that ofthc radio sourcc, (0”.5 w 2.511- 1 Iipc), supporting the star for]natioll
origil]  for tllc IIQ emissiol~,

Can  any prot,ogala.xy  model plausibly cxplai!l  the trcmclldous lu]ninosity of this object? It is
c l ea r ly  cnricliccl  in heavy elemmts alreacly,  a.s cvidenccd  not only  by the emission lillc  s]mtrum
wlIiclI includes lines of ~, N, Nc and Mg,  but  a lso by the prcscncc of  the dust  i tself ,  aI]d t h i s
cnric.hmcnt lnust also bc cx])la.illc.d by any pkmsiblc Inoclcl. IN particular, must,  the dust have Lccn
created in am earlier generation of stars? If the dust was created in the envelopes of evolved stars,
as may be the case for much of tile dust forlncd in our galaxy at the present epoch, the]l wc must
bc sccillg  1“10214+4724  at an agc  of at least 1 Gyr.

l<’i.gurc  7. IInagcI  of 1’10214-{ 4724 at 2.211m froln  hfnttlicws C[ al. (1993).
of center in this 40” x 40” image.

‘J’lIc  object is just rigll[

Elbaz ci al. ( 1 9 9 2 )  h a v e  d e v e l o p e d  starburst  IIIodels for 1’1021 4-I 4724. ‘J’hcy  fou]ld  tliat a
Inodc]  w i th  a binlodal init ial  ]I]ass fllnctiolk  (lh41’) ca]I acllicve Lot.]) tile vc]y  IIigli oljscrvcd l,/hflg,,,
ratio of 750 I,O/MO a]~d tl)c  stro]lg e n r i c h m e n t ,  rcacllinr;  Z}t,c~,c),Si > Z@ and Mdl,~f < h4,,lC[o/S,
ill less  than 10 8 y e a r s . llama~ln aIId 11’crland ( ]993)  llavc dcIvclo]wd detai led cllclnic.al  e v o l u t i o n
modc]s for QSOs,  a l so  conc lud ing  t ha t  IIigll  IIlctallicitics CaII be rcac.llcd ra])idly:  > IOZG) in < 1
Gyr.  ‘J’hc ]nodc]  of  ltlha~ cl al. IIas a hurstillg colii])ollcnt  with a l o w e r  lnass lil~lit to t,lie lh41’ o f
3 h4G)  a.r~cl  a s tar  formation rate  of  6200  M@J/yI..  ‘1’lIey  were  unable  tc) ac.llicvc a fit with a single
lh41’. ‘J’]Ic source of the dust ill tllc l;ll)az, cl (Il. ]t]ode] is not e~rolved stars but su])er[lova  rclnllallts.
Wlii]e  i t  is  IIot, known  wllctllcr su])crnova  rc,lnllallts  call l)c res])onsiljle  f o r  sig;nific.mlt alnounts of
d u s t  forlnatio~[,  there is cvidmcc that SN 1987A IIas lJroduced  0.1 Mc) o f d u s t  (I)wck ct al. 1992).
At a supernova rate of 1.2Lx  10- ‘2 (l./ l, Cj)/yr (Solc)mon, l{adford and IJowncs 1 992)  for 108 ycmrs,
rclnllants lilic 1987A could ea.sil,v ])roduce  tile tile cstilnatcd dust n]ass  c)f 2..5 X108~L  - 2 M C ) .

h4azzei  and I)c Zotti (1 9 9 3 )  ]Iave s u c c e s s f u l l y  li)odeled  tllc sJ)mtral cllcrg;y dis t r ibut ion of
1 ’ 1 0 2 I 4 - I  4 7 2 4  using tllc ])o])ulatio!l  synthcxis ]L]odcls  of h4a~,mi C( al. (1993)  (sm l’ig;urc  3). ‘J’hc.y

find a  good fit at, all a?;c c)f 1 Gyr (for II:. 50 liln/s/h4])c; q{, = 0 .5)  w’itll a stzi] f o r m a t i o n  rate of
3 X104 MG)/yr;  a. fit w i t h  a  ]nuch  you]lgcr  a~,c is  alSO lmsil)le. h4azmi  and I)c  Y,ott,i SIIOW  t . l i s t
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11’10214-I 47’24 could ])lausib]y  fade to a z, = O clli])tical  with l~olo]tletric  lu]ni~iosity  less tllall 1013
I/@, .

3.2. A l’rotogalaxy Model IIasc:cl  on IllAS 1(’ 1 0 2 1 4 - 1 4 7 2 4

‘1’hc moclc]s clcscritd above for tllc colltril)ution to tllc f a r - i n f r a r e d  b a c k g r o u n d  by infrared-
briglit  protogalaxics,  t,llosc  of  l)jorgovsky  and W e i r  (1990)  and  l’rancescllini et u1. ( 1 9 9 1 ) ,  arc
based on tllc spectra] energy distributions of local  vnivcrsc starburst  galaxies. If it is truly powered
by star format,ioll, then l’] 0214-{  4724 providcx  us with t]ie  o])])  ortunity  of using; a high rcds]lift

object witl[  known  luminosi ty  and spectral  energy distril)ution as a template for l)rotogalaxics,
thus  climillating the uncertainties intrcxluccd by assuming that local universe objcc.ts  arc g o o d
analogs of protogalaxics, o r  }Jy adoptilig  a Inodc] s]mctra]  energy d i s t r i b u t i o n  with an assulned
d u s t  tcln])eraturc and lulnillosity. It also allows us to avoid the large ]{-correctiolls iuvolvcd  in
rcdshiftinf; local templates to cosmological distances.

1  IIavc  tliweforc clcvclopcd  a Si]n])le m o d e l  t o  detcrmi]~c  tlIcI  colltributioll  to  the far-ilifrarcd
ba.cligrou]ld  of a populatio]l  of galaxies, forlnillg with a ])rotogalactic burst  like that obscrvd  i]]
1I’102I4+  4724. If a QSO colltril)utm  significantly to tllc luminosity of I1’1021 4+4724 tllcni t]lc  ]]]ode]
])rCdiCtiOIIS  can  ~JC tr~a,td as up])cl’ limits tO t]lt> backgroul}d  CllliSsiOll u1l]cSS tllC COCVa]  C! XiS~Cll CC Of
a QSO with tllc starbumt  is a c.olnlnc)I]  feature ill tllc follllative stages of all elli])tic.als  (c\. llalIIalI]I

~rllllll]l
[

]1111]1111  ] 1111111111 1111111,111111

? ‘o/-\i’” “ ““,.
141

1 [; ill 1,!11

lop, A (//1!1)

F i g u r e  8. l)rotcigala.xy  IIIodel ])rmlictiolls  co])ll)arc(l  to tllc (~OlilI; dala. llasclillc It Iodel of ‘J’al)lt
2 (lIQavy s o l i d  line); otlIcr Ii]]es  slIow oflkcts  o f  clialip,i]lg ot]lc[ l~firalllctc’rs: rcds}iift  ra]lge  (Iigllt
so l i d  lines): 2~ = 5- 10, ? - 10,  1 .5-  2.5;  cos IIIology  (snor t  dashed lil]cs):  Q= O a]ld 11(): 100 (U])])cl’
line) a n d  50 (lower line); 1)1’  (]oltp, d:IslIcd lillm): ‘I’a III Ina IIII c{ 01. (lower  li]le),  l’]a]lccscliilli (~
01, (]niddlr  li]lc),  l’;fstatlliou c1 f(l. (U I)I)CI Ii]lc iIIcludcs  disk galaxies); j (dot-dash lillcs): ,[ [IO
(u])I)(I  li]]e),  j= 100 (lower line).
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Table 2: l’rotogalaxy  hlodcl———..  — .—— . . .. ——. —— ——.
l’aramctcr Rmge ~olisidcrc~l--. ..———
110 50, 100
$2 0, 1
Zj 1 . 5 - 1 0
At 1.oto2.o  xlo~yls

f 10-100

}Iascd 0]1 I1{AS 11’10214-I  4 7 2 4
IIaselinc Model
50
1
2 - 5
1 OS yrs
10

l,umiaosity Shanks  ct al .  1990,  1’;s o n l y SILallks  et al. 1 9 9 0
l“unct.ion l;fstatlliou ct al. 1988,  all  galaxies

Frallccschini cl ul. 1988a, 1’}s only
‘J’amma.  nn ct al. 1979, II;S OIIIY—

-.— .—. —.— — .. ——... —-
luminosi ty  l’uuction

~- . ..-.
h4 * c1

(lI~D loo) . _(flMIJC-  3_) (lnag;.)
S h a n k s  CL “[;1.  1990 0.0096 :“19:00 0.07
ltfstatlkiou CL al. 1 9 8 8 0.0156 -19.68 -1.7
I’ranceschilii ct cd, 1988a  0 . 0 0 3 2 -19.60 -1.0
‘J’amlnann  et al, 1979 0,0031 -19.45 -0,77-.. — .—. -.

1 assume all galaxies  have an S];]) of silni]ar sllapc: to II’] 0214+  4724.  Galaxies  are a s s igned
luminosiiics according to a lumi]losity function. ‘J1lIC variahlc ])aralnctcrs  of tile ]noclc] arc tllc cos-
mology,  the  format ion rcclshift z~, tlic burst duration it, tllc lu]nillosity function, and tllc factor,
j, hy which  I’10214-I 4724 is assumed to be I)rig;l,tc]  or fainter tliall tl,e characteristic lulninosity
at t h e  knee  o f  the lulninosity  functionl 1,/<,01214 = J 14”, wllcrc the Iulninosity fullctio]l  is  given l~y

~~(~~)~~, ~’ @*(l, /~J*)@C-  1’/1” (/(1,/1,”) (SCllcclltc’r  1 976).  IIcrc qt’ is tllc characterist ic  s])ac.c dens i t y .
l“our  different local luminosity fullc.tiolls  were considcml. No te  tliat using a local lulniliosity func-
tio]l  t o  de f ine  the clistributic)]l  of g a l a x y  lulnil~osities  at IIigll rcdsllift is cxluivahmt  tc) acloI)ting; a
Inass function, as long as tile evolut ionary I)cllaviol witl~ lcmkbac.  k till~c of t.llc 1,/hfl  ratio dom Ilot
vary greatly with galaxy lnass.

‘] ’he range of  parameters  col~sidercd  is given i)) ‘J’ab]e 2. 11’or  ]llost Inodc]s  the lumiltosity func-
tion was rm.trictcxl  to cl]iptical galaxies o]l]y, .siuc.c s~)irals a r c  ]1oL cx])cctcd to  IIavc forlncxl llritll
a dramatic initial burst. ‘J1hc  factor ~ was rcstrictcxl to 10 or hig]lcr bcca,usc’ 11’1021444724 is ul)-

douhtcdly  a very rare and unusually luluinous object. l;still~ates for tlic cx]mtccl surface dcllsity
of  ])rotogala.xics  arc in tile range 103 to 105 I)CI square  dcp; we, dc])~nding 011 the coslnolc)gy,  tlic
e])ocll  of  format ion and the duration  of tllc blight ])llasc  (cg. l)jorgovsky  atld  ‘J’ho]npson  1992).
11’ro]n the detection statistics we can cstilnatc a surface clellsity  of ol)jccts like 1’10214-{ 4724 of 1.5
X I  O - 3  p c r  square dcgrcm; allowillg a factor of ~ 10 OJI this estitnate since tlie s t a t i s t i c s  are vely
c . r u d e  (only  onc  ohjcct has  I)cea dctcctcd, a]]d t]lat very  CIOSC to t IIC detection li]nit of tllc llt AS
survey) it follows that objects like Ic’1 0214-I  472.4 arc at least IOc tilllcs less  nulne.rous  t]lat ‘(ty])ica]”
prilncva] galaxies. l’or  a Scheclitcr 1)1’, this translates rouf,ll]y  to j > 1 0 .

l“ull details of tlic lnodel are F;ivcn ill l,onsdalc  (1994,  ill ])re])aratioll). l’jgurc  8 s ummar i se s  t he
re.su]ts  of tile models coln])arcd to tllc data of l’igure 1. l’iguw 9 i l l u s t r a t e s  tlIc blue  a]ld K-l)and
number  counts for the model ])o])ulatioll  of 1“1 0214-l ike  ])1’c)tc~g;alz~si(!s,  conll)alcd to c)ljsclv:itic)ll:ll
da t a .

‘JIIIC  low f) ])rotogalaxy  ]nc)dcls sliowl} ill ]’igurc S arc ill co]lflic(  ~titll  tllc I’]]{As  li]nits. ‘J’]Ic  fl: 1
modds arc lllostly c.ollsistcnt wit]l  11’II{AS  cxcc.])t  tl]c  ]i~odcl  using tile l’rallcescllilli cl al. (1988a)  l]’
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ilic.ludinp; all galaxies (not only e]]il)tical’s),  w’hicll  is in conflict with tlie ]llorc stringmlt  l>lllAS  limit,
and the hig]l rmlshift range nlodcl  wliicl[ is o]lly marginally consistent witl~ t]le stringent lilnit. None
of tllc lnodcls  arc ill conflict with the curre~lt  1)11/111’; observat ions . ‘J’hcrcfore,  basically the entire

range of parameter space that has lmmi explored is allowed for a high fl ullivcrse. An acc.cptal)le
fit for a low fl universe  woulcl  require .zf = 5 or ]owcr , and/or  ~ < 10,  ancl/or a burst  duration
sllortcw  than 2 X10 8 yrs,

‘1’llc number count ])rcdictiom are small compared to the obscmed counts, thcrcforc it is ]iot
surJ)risinF; that only one object like l’] 0214-I  4724 has so far bceN clisc.ovcrcxl  hy samdipitous
s])cc.troscopjc  follow-up studies of faint field galaxies, Systematic surveys of 2.2jlm-sclcctcd objcc.ts
ill tllc 15 to 18tll  magnitude range,  wllerc  SUCII  ohjcc.ts could acc.oullt  for 10% of the sample, might-
be tl)c most fruitful.

‘1’0 summarise, tlic main result of tllc model ])mscntcd IIcrc is that it is quite possible that a large

fraction of the light of forming galaxies is hidden ill the far-infrared wavelength region. ‘J’hompscjI]
and l)jorgovsky ( 1 9 9 2 )  a]ld 11’ra.llc.cscllini ct at. (1 991 ) coJIcludcd  f r o m  tllcir moclcls  that  to l]idc
galaxy formation iu tllc far-infrared woulcl require quite low values of z~ (.z~ < .5) and/or warm dust
teln])craturcs.  IIoth of these require.mcmts arc the result of the IIII{AS  limits. ‘J’ILc 1’10214-14724
mode]  is consistent with t]icsc results because t]lis object does indeed contain rc]ativcly warm dust:
IJowwcs  cd al. (1993) derive a dust temperature of 801{ for the far-il\flarc(l/s ~lbl~lillilllcter emission.
“J’IIus tliis model dcmonstrat,cs tllc plausibility of a significal]t hackgroulld  frcjm ])rotogala.xics  in the
far- infrared most  convillc.ingly  since it l~asccl on the real SII;I)  of a dust-rich , star-forlning  galaxy

with know]) luminosity at a known (cosmological) rcdshift,  rather thal[ on a local ul(iversc analog,
or a theoretic.al thermal spectrum. IN ])articular, the A > 100ILm spcc.tral slla.pc,  which is a critical
collst  raint compared to the 1*’IRAS observations, has becII  directly measured for this object.
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11’igurc 9. IJlue slid K-l)alld  galaxy nu]nl)er  counts  cc)lul)arcd  t o  tllc ])redictioll frolli  tllc l~asclillc
])lotc)~alaxy  n)odel  (see  ‘J’al)lc ‘2). ‘1’l~c rcfrrc]lccs to tl~c data CaII I)c f o u n d  in (;l~olishi  et iI1. (199:3).
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4. TIIE I“UTURH IN SI’ACl~;: 1)1}/111;,  1S0 ANI) S]]{  ’ J ’ ]”

Where clo WC go acxt to test tllcse ideas? Ol>viously  we alixious ly await tlic revised, forcgrou~lc]-

sul)trac.t,cd,  1)11/,111’;  limits: if tllc team is ahlc to rcdiably  subtract tl)e foregrounds to lCVCIS approach-

ing  the design  smsitivity of VIV = 10-”]3  W  C.]n - 2 sr- ] (IloggcIss  et af. 1992), which is about 1% of
tllc foreground emissions, then they can  expect to cletcct or rule cmt lnost of the ]Jrcxlictcd  contri-
butions  t,o tl~c l)ackground  by cvolvillg galaxies slid illflalc(l-l)rigllt ])rotogalaxim  SIIOWII  ill l’igurcx
4, 5, 6 and 8.
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l’igum 10. 1S0 and S11{’1’1’  ba.ckgrolllld-li]l~itc(l  point source sclisitivitit’s, 50

II

and lower solid lines, respectively) (II;, You II~,  ]Jrivatc  cc)ll~ll~(lllicatio]~),  colnl)arcd to tllc IRAS l’aint
S o u r c e  ~at,alog scms’itivity limits (90~~ conl])lctcllms Iilllits for the Itlost  sclisitivc 1 O(fi of tllc s k y ;

filled triallglcx), and  to IRAS 1(’10214-{ 4724 ]I]C)VCX1  10 a rcdshift of 10 (11(, = 50, f~: 1).

AltltouglI tile nineties w a s  licralded as tllc dccadc of tllc infrared l~y tl)e  IIallcall colnlnittcc, tllc
])oor  fu]idil~g situation at ])rcscnt IIHS delayed  our ]io])cs  fc)r tllc ]Iext gcllcratic)n 11S infrared mission,
SII{’1’11’,  into tile next century. Alcauwl]ilc  the l;uropcan  sate’llitc 1S() is due to lau~icll  in late 1995.
IIotli  1S0 and Sll{rJ’l~ are ol)servatory class instr~llncnts, diflcril,g froln  tlIQ survey illstlulncnts  II{AS
and [;0111’}  in liavillg small hcallls and fields-of-view. ‘J’IIus tliey arc optili]lscd for l~oi~lt sourcc~ wolk
al)d fluctuation analysc:s  much ]norc  tllall direct l)ackgroulld IIlc’as{llclllcllts,  altlioug]i S11{’1’1” lllay
lx’ al]le  tc) lnat,cl] the surface hri~;lltllcss  st,llsit,ivity  of 1)11{ 111’; with collsidclablc  work. S11(’1’1”  will
be cs])ecial]y  im])ortaut for coslliologica]  stlldicw I)ccausc  i ts  detector  tcclillc)log;y will Ijc flo?rcn  at a
lllucll later elate than that of 1S(), and I)ecausc  it Iias larger a]rays  than 1S0. ]1’igurc  10 com])arcs
the exl)cc.tc:d  point source scnsitiviticw  of 1S() and S11{’1’1’ c.oln])a]c~d  to I1{AS  1’1 () ’214-I  4724 rcllloire(l
to 7/: 10.

S1l/’J’lI’ may hope to resolve all of ally l)ackp,ro~II)d  tl)at 1)11{111;  ]nay  dct,cct, i)~ (lIC near-i l~frarc(]
w’illdc)w near 3/lm. A  c.alculatio]l  by l;. J1’right ( M .  Mrcr]tcr,  [)livate cc)lI~lll(lljicatic)Il)  slIc)\vs  tl~at
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t.lIe  mi])imum  e x p e c t e d  intcyyatcd inte]lsity at 3,51(1~~ duc to ga l ax ie s  i s  about v]u = 3.4x] (j- 13
W/CIn2/Sr.  ‘J’his i s  de r ived  froln  tllc lneasurcd cxtragalactic. nulnbcrcoullts  at 2.2i1111 (Garclller ct
al. 1993), assulning a tcm])craturcof  20001{  tomtilnatc  tllc 2.21/]11-3.51/In  color. ~om]}arillgtllis to
the llopcd-for  ultimate I) IIU]lI; sensitivity of al)out 10- ‘ 3 W/cm2/sr  it is clear that the Lackgroulld
due to this k] IowJI ])opulation will bc clctcc.tcd h-y 1)11{  1117,. At an intcmity of 3.4x 10-13  W/cln2/sr,
tllc IIumbcr of faint galaxies ])cr 0.7 dcgrcc 1)11 {111;  Imaln  is about  1.2 X 105, giving an ave r age
sc])aration of 10 arcscc. ‘J’his is withiu reach of tlic 1 arcscc beam of Sll{rl’l’ to msolvc. ‘J’o reach tile
rc’quired  limit of 21.6 msg. at 3.511m with SIR”J’I? will require an integration time of about 10,000
seconds.

A  s i m i l a r  c a l c u l a t i o n  at 601(m based c)n a lc)cal GOjfIJ] lulninosity  functic)n  and cx])o]~cntial
cvolutioli with K=-] .5, 11.=-75, indicates that about GO% of the prcdictcd b a c k g r o u n d  al>ovc a])
al~tici])atcd I) II{IIF,  limit of about 2X 10- 13 W cm - z Sr - ] will bc resolvable  by S1l{.”J’1”,  assu~nij[g  a
SII{’J’11’  confusion limit of shout 0.1 mJy at this wavc!cn~th (Wright 1993) .

l’raliccscllini et ol, (1 991)  IIave  calculated tllc f l uc tua t i ons  cxl)cctccl  in tllc 0.7 dcgrcc IJIIUIII;
bcaln due to tllcir m o d e ]  Cvolvillg  galaxy ])o])ulatiolls. l’luctuations  Alu/lu ral)gc f r o m  2% a t
280/1111, tllrougll  4-7% at 25 to 100IIm and rise to 50% at 2.21/in. ‘J’hcse hig]l values at sl[ort wavc-
lcl~gtlls  arc dominated by bright  stars in tllc g;alaxy. ‘J’IIcI lnai]l  limitation at tllc lolgcr wavclcnp;ths
will bc c.ol]fusion noise due to galactic cirrus c~nission (Gau(.ier ct CI1.  1992) .

5. CON  Cl,tJSIONS

‘J’]Ic very sensitive ILCW I’ll{As  c;hfll-dcviatio]l  limits sevcr]y  constrain l)aralnctric translaticlnal
models for galaxy evolution at wavelengths longer  than 5001/In. It follows Lllat the cvo]utiollary
l’at. Cs fc)l ill flal’~(]-~)ri?;]lt ~alaXi(’$+  illl])]i Cd ~)~ sUC]l 111 OdC]S  ill  t]l~ ]OCa]  Ul]i  VC1’SC  CaIlllC)t  C.Olltill  UC to

cosmological rcdsllifts for tile class as a whole, ulll{’ss  ex])ol~c~ltia]  luminosity cvo]utioll is ado~)tcd.
boost  likc]y  tllc current gcncratiol]  of ~)aranictlic lnodels  is too siln])le  in al~l)roacll  t o  a d e q u a t e l y
Inodcl tl]is colnp]cx  situation; in particula] the likely stloll~,  ci’olution  of tllc dust colltcllt of cal]y
ty])c  g a l a x i e s  is not  taken into accc)u])t I)y tllesc IIlodcls.

‘J’lIe analytical  cllcmical cvolutioll models  of E\TanS ( 1991 a,l~) address  t]lc  cvolutioll of tllc dus t
Cc)lltcllt. IIis  ac.cretioll  ]nodcls a r c  not  ill conf[ict  w i t h  tllc currcllt C;O1lI; Ii]llits  I)ut tllc Ijroln])t
initial cnriclllncnt  lnodc]  is closcl~~ constraillcd. Silllilally, tllc ]nodc]s  of l’rallccsclli]li C( 01. ( 1 9 9 3 ) .
which  arc based on tllc closed  I)ox ]jo])ulatioll  syllt]lcsis ]nodcls  of hlaz, zci ct G1. ( 1 9 9 2 ,  1993)  incol-
])oratill?;  cllcmical and dust evol[ltioll, arc Ijrcsclltly  collsislrllt with, t)ut close  to bcil~g constlaillcd
l)y, tlic C;OIII’; da t a .  ‘J’lic silnulations  of dee]) gala;y fields  of (~]lolislli  ct al. (1994, ill ])rclmration).
\\, ]tic]L ale, also lja,sc(] 011 t]lc~ }Jol)lllati[)ll sylltll(,sis  lll[)(lc,]s of ~faz,y,(li ~:~ ~11, ( ]  9 9 3 ) ,  ale also ]ik[~l~,  to

])rovidc intcrcstin,g constraints (sew (;llok;]ti c1 a~. J 993).
‘J’IIc  11’11{.AS  l imits  also cc)nstraill  modc]s  for il~fla]c(l-l)lip,llt  l)mtogalaxics.  If a sigllific.ant  frac-

tion of tllc light c.ccatcd  ill ])rimcval  ?,alaxics  clllcrgcs ill tllc f a r - i n f r a r e d  duc  to larg;c dust ol)tical
del)tlts tllcn tl~c l~lli AS lilnits r e s t r i c t  tllc c])ocli OJ folllliitioll to ~, < 5 f o r  l o w  fl, atid/or rcquirt~
relativ~]y warln dust tcl~~])(’]at(llc’s. A  ]llodcl Ijasc(l  o]] tllc l~llllinous,  warln,  ~: 2.286 I1{AS ~alax~
1’10’21 4-[ 4724 can satisfy tlicsc rc(l~lilc’l~~c’l~[s.

1)11{ 111; w i l l  I)c al~lc t o  d e t e c t .  tlIc lMcliF,muIIds cxl)cctrd frolll cvolviug g a l a x i e s  and fronl
ill frarcd-l)right  ])rotogalaxicsl UIIICWS  tl~cse ol)jccts a]c lnucll less d u s t y  lllall tllc Inodcls assu)nc.

1S() a]ld S11{’1’1’  will l)c able to detect o})jccts  like 1’1021,1-14724 to )cds]lifts a])])roac]lillg  10.
S11/’1’1’ wil l  l)c alj]c to lcsoltrc  ii]] of any l)ack~Iou]L(l  lllat ])]]t]ll~ c:il~ cxl)cct  tO dct,cct, at, 3 IIlic]olls.
and Il]ost o f  a 1)11{ 111’;  l)ack~round at (jo~{lll.
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